~" The authors describe their microsurgical lateral orbital approach to intraorbital tumors. In seven patients ultrasonic scanning, computerized axial tomography, polytomography, orbital venography, and arteriography have allowed precise intraorbital tumor localization relative to the optic nerve. The authors believe that circumscribed tumors superior, lateral, or inferior to the optic nerve can be safely and completely removed through a 30-35-mm lateral skin incision with microsurgical dissecting techniques. A combined neurosurgical-ophthalmological team approach is emphasized. KEY WORDS 9 microsurgery 9 orbital neoplasm 9 orbital angiography 9 instrumentation 9 ultrasound 9 computerized axial tomography
I
N 1921, Walter Dandy 3 proposed the intracranial (hypophyseal) approach to orbital tumors for several reasons, namely the inaccuracy of preoperative tumor localization, diagnosis, and extension, and for the wide exposure obtained transcranially which enabled one to deal with most contingencies. He wrote: "As a matter of fact, it is rarely possible before the operation to be certain whether or not the tumor lays within the cranial chamber. For tumors confined to the orbit, this operation (intracranial) offers a far better exposure than is possible by any other method. Deliberate, careful dissection of the tumor is possible only by this approach. ' '3 Since then, there have been many reports by neurosurgeons usually echoing Dandy's approach and experiences and by ophthalmologists strenuously objecting to a single approach and, instead, advocating a lateral orbital exposure for most orbital tumors? '9 Unfortunately, this dichotomy, fueled by a general lack of appreciation for the relative surgical advantages of the lateral approach, has discouraged neurosurgeons from full participation in orbital surgery with ophthalmologists.
Certainly any tumor extending intracranially requires a transcranial neurosurgical approach. With recent advances in diagnostic techniques, however, specifically ultrasonic scanning, 2 polytomography, computerized axial tomography (CAT), 5 and orbital arteriography and venography, 8 it is now possible in most cases to accurately localize masses to the intraorbital compartment. Furthermore, with the modified lateral orbitotomy approach as proposed by Berke, 1 it is possible to obtain a safe, adequate exposure of masses superior, lateral, and inferior to the optic nerve through a 30-35-mm incision. If one adds to this the operative finesse made possible by microneurosurgical techniques and instrumentation, "deliberate and careful dissection of the tumor ''3 is indeed possible via a lateral orbitotomy without the potential complications of an intracranial operation and with good cosmetic results.
This report details our combined neurosurgical-ophthalmological preoperative eval-Lateral approach to intraorbital tumors uation and our microsurgical lateral orbital approach to orbital tumors.
Materials and Methods
All patients with symptoms and signs suggestive of a solitary intraorbital retrobulbar tumor were seen jointly by an ophthalmologist and a neurosurgeon. In addition to the neurological examination, particular attention was given to the following factors:
1. Duration and amount of proptosis 2. Degree of orbital resiliency, particularly in relation to the direction of greatest resistance 3. Presence or absence of retinal stria 4. Status of visual function including assessment of color vision 5. Appearance of optic papillae and retinal vessels 6. Degree of extraocular muscle paresis and/or mechanical restriction, and 7. Presence or absence of an audible bruit.
Roentgenological studies included skull xray films with special views of the optic canal ap~ orbit, and polytomography to define the orbital fissure, orbital walls, and the optic canal. A brain scan may be included, as well as selective external and internal carotid arteriography and orbital venography, if indicated. Recently we have been most impressed by the results of CAT scanning and now use it routinely prior to any contrast studies.
The above diagnostic methods enable us to determine in most cases the size, location, and occasionally the consistency of solitary orbital tumors. If there is any evidence of possible intracranial extension, metastases, involvement of the medial, superior, or posterior walls of the orbit, or if the tumor is located medial to the optic nerve, a transcranial approach is used. If the tumor is clearly circumscribed, located superior, lateral, or inferior to the optic nerve, and does not involve the orbital walls, we use the lateral orbitotomy approach.
The lateral orbitotomy is patterned after that described by Berke in 1953. 1 The patient is administered general anesthesia and his head turned approximately 45 ~ to the opoosite side. A tarsorrhaphy is then performed to protect the cornea during the operation. Next a 4-0 silk suture is passed beneath the tendon of the lateral rectus and through the conjunctiva so the cornea can be rotated nasally. The skin and subcutaneous tissue including the canthus are incised along a line extending from the lateral canthus approximately 35 mm posteriorly toward the top of the external auditory meatus (Fig. 1) ; this line is later covered by the temple of a pair of eye glasses. Preoperative infiltration with 1:200,000 epinephrine significantly reduces skin bleeding. Tagging sutures are then placed in the transected lateral canthal ligaments of each lid.
The periosteum over the lateral orbital rim is next incised vertically, 3 mm posterior to the lateral orbital margin and parallel to it from just above the zygomatic frontal suture to below the level of the zygomatic arch ( Fig.  1 ). The temporalis fascia is then incised transversely down to the temporalis muscle. The muscle itself is not incised but retracted posteriorly after subperiosteal dissection. The periosteum previously incised over the lateral orbital margin is now carefully elevated with a periosteal elevator, extending the elevation over the orbital rim and into the orbit. Tagging sutures may be placed on the edges of the periosteum for later reapproximation.
A wide ribbon retractor is next inserted between the bone and the elevated periosteum to protect the globe. The orbital bone is then cut in a diagonal fashion with a Stryker saw using a 6-mm wide blade and following the rim of the superior orbit toward the ear at approximately a 30 ~ angle inferior to the orbital roof and for 10 to 15 mm posteriorly (Fig. 1) . A similar cut is made along the inferior orbital margin with the direction of the cut 30 ~ superior to the plane of the orbital floor. The thin posterior portion of the lateral orbital wall is easily fractured through the zygomaticosphenoid suture by grasping the orbital rim with rongeurs and turning it laterally. Additional bone is removed posterolaterally with fine rongeurs to obtain maximum orbital exposure. The periorbital fascia is now clearly seen ( Fig. 1 ) and with gentle palpation at this point, one may frequently locate the tumor.
The operating microscope with angled binoculars and a 250-mm objective is now moved into position. The periorbital fascia is incised over and parallel to the lateral rectus muscle, which is freed from the surrounding fat and its margins are identified. An Fl~. 1. Artist's impression of lateral orbitotomy showing the skin and periosteal incision, the saw cut through the lateral orbit, the bone removed, and the lateral rectus muscle retracted exposing an orbital tumor.
ophthalmic muscle hook is then placed under the lateral rectus and brought up through the intermuscular septum on the opposite side. Retraction of the muscle and dissection of deeper tissue is then carried out with a self-retaining orbital retractor and microdissecting instruments we have designed specifically for that purpose.* Previously, one of the most distressing technical problems in intraorbital dissection has been that of handling the orbital fat which obscures normal anatomical landmarks and conceals small blood vessels and nerves which are easily torn or transected. With the use of the operating microscope and a new bipolar self-irrigating forceps designed in our laboratories,* we feel that this problem has been minimized. Saline irrigation delivered to the forcep tips prevents the charring and sticking that occur with conventional bipolar units. With the visualization obtained *Orbital retractor and instrumentation manufactured by V. MueUer Company, Chicago, Illinois. through the microscope, microdissection can be carried out through the fat with the preservation or coagulation of small blood vessels with a degree of safety previously unobtainable.
Exposure of tumors is facilitated by dissection and retraction on small cottonoid strips. If the tumor is found to be encapsulated, sharp dissection under direct vision is used to completely free its attachments. Cystic masses may be aspirated to reduce the bulk and then carefully dissected under direct visualization. By gradually replacing and reinserting narrow ribbon retractors, one can usually gain good exposure of a tumor while preserving all surrounding neural and vascular structures. If the mass is adjacent to the optic nerve, extreme care must be taken to preserve the fine vasculature surrounding and supplying it. In the case of an invasive tumor, the dissection is much more difficult and the preservation of normal structures surrounding the tumor may be impossible even with the microsurgical approach.
Lateral a p p r o a c h to intraorbital t u m o r s Fw,. 2. Cystic hemangioma of the orbit and its relationship to the globe and the optic nerve as demonstrated by B-scan ultrasonography (upper) and CAT scan (lower).
After tumor removal, complete hemostasis must be obtained before closure. The wound is irrigated with normal saline solution and the lateral orbital bone is replaced and maintained in position by simply suturing the previously preserved periosteum over it. Only occasionally is bone fixation necessary, such as when the periosteum has been torn during dissection. The external canthal ligament is reapproximated and sutured to the periosteum over the lateral orbital margin with 4-0 absorbable suture. Once the periosteum is closed, the temporalis, fascia, the subcutaneous tissue, and the skin are reapproximated using fine nylon suture on the skin. After the tarsorrhaphy suture is released, a firm pressure dressing over the wound and eye is essential to prevent chemosis and congestive proptosis. This is accomplished with fluff dressings over the wound and eye and a 3-in. Kling bandage firmly applied around the head. The dressing is changed at 24 hours and a less bulky but firm pressure dressing reapplied after visual function is evaluated. The sutures are removed in 5 to 7 days.
Results
We have now operated on seven patients with solitary intraorbital tumors via the microsurgical lateral orbitotomy approach. Histologically, these have included five hemangiomas, one neurofibroma, and one epidermoid cyst. All tumors have been correctly localized preoperatively and none of the patients operated on was found to have intracranial tumor extension. The best preoperative diagnostic study for orbital tumor detection and localization in our hands has been ultrasonic A and B scanning using the Ecoline 12 A scan and the BronsonTurner B scan units.t All patients have had positive ultrasonograms and in the five cases of hemangioma, the cystic nature was correctly diagnosed preoperatively (Fig. 2 upper) . In all three patients who had CAT scans, this diagnosis was also correct. Indeed, in two patients with hemangiomas the scan clearly outlined the optic nerve and tumor and showed their relationship (Fig. 2 lower) . In two other CAT scans, however, both obtained in institutions with new units and little experience, the tumor was clearly shown but not as precisely delineated or localized in the intraorbital compartment. With appropriate technical refinements and adjustments, however, this should prove to be an invaluable diagnostic technique? Orbital arteriography and venography have also been very helpful and supplemental in precise tumor localization, but CAT scans will significantly decrease their use. It is emphasized that all diagnostic parameters should be available to determine not only the intraorbital location of the tumor, but also its precise location in the orbit relative to the optic nerve, deep muscle cone, and globe.
Complications in our seven patients have included one postoperative orbital hematoma, successfully treated with percutaneous aspiration, and slow resolution (3 to 18 weeks) of lateral rectus palsy from muscle retraction. Postoperative conjunctival and lid edema is also routine and is greatly mitigated by a properly applied dressing. In only one patient was visual acuity effected; that patient had a 3 • 2 x 3-cm hemangioma, adherent to and surrounding the medial aspect of the optic nerve. Although the tumor was completely removed, either traction on the nerve or the sacrificing of critical vasculature resulted in postoperative blindness. The cosmetic results in all patients have been quite satisfactory.
Discussion
The classic KrSnlein operation, which involves an osteoplastic resection of the lateral wall of the orbit was introduced in 1889 and for many years was the only surgical approach used for removal of orbital tumors. 7 Because of technical difficulties and poor cosmetic results, however, various other operative approaches above, below, medial, and lateral to the globe were devised2 Each has its own proponents, and in carefully selected cases excellent results have been reported with all approaches.
The key, of course, is proper selection. In Dandy's series, 75% to 80% of the orbital tumors had intracranial extension and, as he stated, one could not be certain whether this extension was present preoperatively) With these constraining facts, the transcranial approach was, indeed, the best operation. With the innovations in diagnostic and localizing techniques, however, the microsurgical lateral orbitotomy approach described above is a safe, effective, and cosmetically satisfactory alternative to craniotomy. 2'5'6'8 A team approach, however, is recommended. Although ophthalmologists have used intraoperative magnification for years prior to its neurosurgical application, they generally are unfamiliar with working through small exposures in deep and at times bloody holes with bayonet instrumentation and bipolar coagulation. The operation is best performed by a team that includes a neurosurgeon skilled in the above techniques and an ophthalmologist expert in the lateralorbital approach.
Complications reported with this approach, in addition to those noted above, include vitreous hemorrhage secondary to excessive global retraction, occlusion of the central retinal artery from excessive manipulation or cauterization, "rounding" of the outer canthus of the lids due to improper periorbital closure, the formation of granulation tissue at the outer canthus due to improper approximation, corneal anesthesia, temporary weakness of extraocular muscles, and muscle palsy secondary to interruption of nerve supply?
If the skin incision extends beyond 40 mm from the lateral canthus, the frontalis branch of the facial nerve may be damaged. This should not be a complication since no additional exposure is obtained by a longer incision. The most damaging complication from the lateral-orbital or transcranial approach is loss of vision. This is usually due to excessive traction or interruption of optic nerve blood supply and may be impossible to prevent in either approach. Certainly if there is a serious question about the medial aspect of the tumor, a transcranial approach should be used.
